Enhanced recovery after surgery Laparoscopy a b s t r a c t Objective: To evaluate the results of an Enhanced Recovery After Surgery (ERAS) protocol in elective colorectal surgery compared to the historical cohort of this hospital with standard care, in terms of hospital Length Of Stay (LOS), 30 days readmissions rate and 3-5 Clavien-Dindo Complications (CDC).
Introduction
Over the last decade, the enhanced recovery after surgery (ERAS) programs have generated a true revolution in colorectal surgery. [1] [2] [3] [4] These so-called "bundled care initiatives" are characterized by patient care rooted in dynamic evidencebased literature and re-evaluation of traditional practices with the goal of decreasing Length of Hospital Stay (LOS) and improving patient outcomes. Traditionally known as fast-track surgery pathways, these programs were first implemented in clinical practice and described by Kehlet in 1997, 5 and have been referred to as ERAS programs to emphasize the quality of patient recovery rather than the speed of discharge. [6] [7] [8] [9] [10] [11] [12] Along with all the benefits of ERAS, it is known that there are significant limitations in implementing these protocols, due to the fact that compliance of all interventions may be difficult to achieve for each patient. 1 In 2014 the Spanish Ministry of Health, Social Services and Equality launched de RICA (Spanish acronym of Enhanced Recovery after Abdominal Surgery) 13 guidelines. This program provided a standardized pathway that guided the perioperative management of patients undergoing major abdominal elective colorectal surgery, excluding urgent and palliative surgery.
In December 2015 a multidisciplinary committee was created at the University Hospital of Guadalajara, comprising of colorectal surgeons, anesthesiologist, nurses and nutritional and hematology service providers to develop a protocol to adapt RICA guidelines 13 to our hospital and evaluate the results of its implementation.
We present a multi-disciplinary and iterative approach to implementing an ERAS protocol among patients undergoing elective abdominal colorectal surgery at the University Hospital of Guadalajara, Spain. The main objective of our study was to evaluate the results of the implementation of this program (ERAS group) compared to the historical cohort of the same hospital with standard care (preERAS group), in relation to reduce hospital Length Of Stay (LOS), 30 days readmissions rate and perioperative Clavien-Dindo Complications (CDC) 14 (Table 1 [b]). The secondary objectives were to analyze the impact of several confusion factors such as male gender, age, ERAS protocol, laparoscopic surgery and severe CDC, 14 in LOS and 30 days readmission rate.
Materials and methods
The Ethics Committee of the University Hospital of Guadalajara, Spain, approved this study on 25 April 2016. All patients provided written informed consent. The ERAS program was introduced in our hospital in May 2016. Since then, all patients operated on elective colorectal surgery have been included in the ERAS protocol. For this study we compared the first 121 consecutive patients (ERAS group) that underwent elective colorectal surgery between May 2016 to January 2017 with 135 consecutive patients (preERAS group) that have undergone surgery prior to the implementation, between January and December 2015. Data from the preERAS group was collected in retrospect from the database of the hospital computer system. We chose to exclude data collected from January to April 2016 in order to avoid bias. At that stage, measures of the ERAS program were already rolled out in order to allow for adoption and training. The inclusion criteria were: elective colorectal surgery; age 18 years or older; without cognitive impairment; and ASA (American Society of Anesthesiologist) I-III. The exclusion criteria were: ASA IV; urgent surgery; and concomitant surgical procedures (see demographic characteristic of patients in Table 2 ).
In December 2015 a multidisciplinary committee (comprising of colorectal surgeons, anesthesiologists, nurses and nutritional and hematology service providers) developed a protocol for the perioperative management of patient having abdominal elective colorectal surgery with 20 interventions (Table 3) based on the RICA guide 13 and the ERAS society recommendations. 4 Patients could be discharged if they met the following criteria: good mobilization; adequate oral intake for liquids and solids; recovered gastrointestinal transit minimally for passing gas; normal urinary outputs; no wound problems; good pain control with oral medication; absence of fever in the last 48 h; and C-reactive protein showing a decreasing trend in the previous laboratory test. It was necessary that the patient and his family feel comfortable with the discharge and the information given regarding possible complications and early detection. 4, 12, 14 A specific preanesthesia consultation was created for patients in the ERAS group where they received oral and written information and were included in different protocols (i.e. nutritional optimization, preoperative anemia, use of spirometer, no tobacco and alcohol consumption) to optimize their physical conditions before surgery. Some patients in the ERAS group did not receive this specific consultation due to logistical difficulties. As a result these patients were seen in a normal pre-anesthetic consultation, as was the case for the preERAS group. All patients of the ERAS group were included in the ERAS protocol when they entered the hospital the day prior to surgery. This consultation did not exist in the preERAS group. These patients underwent a routine preoperative consultation, with the general standard of care, but without ERAS protocols.
The primary assessment criteria of our study were the average hospital stay, the presence of severe CDC 13 and 30 days readmission rate. Additional operative variables were also recorded in both groups, preERAS and ERAS: length of procedure in minutes (defined as the time from when a patient enters the operating room until its departure to the recovery room after the surgery), the length of surgery in minutes (defined as the time from which the surgeon initiates the surgery until completion), optimization of preoperative anemia through oral or intravenous iron treatment or erythropoietin, prophylactic treatment to prevent deep venous thrombosis, antibiotic prophylaxis, number of patients with drainage and nasogastric tube after the surgery, number of patients with full mechanical preparation of colon, intraoperative fluids (colloids and crystalloids [mL]), regional analgesia used during the intraoperative and perioperative period, adherence to ambulation, respiratory physiotherapy with the spirometer, withdrawal of the urinary catheterization with a Foley catheter, onset of oral liquid diet, onset of analgesia by mouth, number of patients who required opioids during the postoperative period, stoma construction and the use of a laparoscopic surgical approach were also recorded. We quantified the degree of pain in the ERAS group on a ten-point scale in line 1 as the least intense pain and 10 the most intense pain. There were some variables (minimizing opioid administration, numeric quantification of pain, antiemetic prophylaxis) that could not be registered in the preERAS group because these data were no recorded in routine hospital database.
Short-term postoperative complications were graded using the Clavien-Dindo classification 13 ; grades 3-5 were considered severe complications. LOS and rate of readmissions during the first 30 days postoperative period for any cause were documented. Total LOS was defined as time from admission to discharge. All our patients were admitted to the hospital one day before surgery, so LOS includes the day before surgery and the day of surgery itself. 
Results
Patient's characteristics are shown in Table 2 . The two groups were well balanced and no statistical differences between them were found with the exception of the operative approach, with increased use of laparoscopy in the ERAS group (20% vs. 37.2%, p = 0.006). The length of procedure in minutes (244.1 ± 72.5 vs. 239.9 ± 82.6, p = 0.67) and the length of surgery in minutes (219.5 ± 70 vs. 213 ± 83.3, p = 0.56) were similar in the two groups. Table 3 shows the compliance with the ERAS variables of our protocol between the two groups. The ERAS group had a global compliance 74.3%. All the patients of the ERAS group were given a nutritional-based screening test, but only 20 (16.5%) of them required nutritional optimization with specific shakes.
Opioids consumption in the postoperative period was lower in the ERAS group probably due to an increase in regional analgesia in these patients (Table 3 ). However, we could not determine any change in the degree of pain between preERAS and ERAS patients because we were only able to measure the grade of pain for the latter. This degree of pain was rated by ERAS patients on a scale from 10 (the worst pain) to 0 (no pain). This showed as mean ± DS and median (range): 2.3 ± 1.9; 2 (0-8). Table 4 describes the evolution in the postoperative period (univariate analysis). The ERAS group presents a reduction in mean total hospital LOS (from 11 to 9.8 days, p = 0.018) but the 30 days readmission rate 15 (11.1%) vs. 12 (9.9%), p = 0.756 and complications in the postoperative period were not reduced 49 (36.3%) vs. 38 (31.4%), p = 0.49. In addition, the rate of medical 8 (5.9%) vs. 9 (7.4%), p = 0.669 or surgical complications 41 (30.4%) vs. 29 (24%), p = 0.178; did not decrease. The most common complications were paralytic ileus 10 (7.4%) vs. 2 (1.7%), p = 0.030); and suture dehiscence 14 (10.4%) vs. 11 (9.1%), p = 0.756) ( Table 4 ).
Tables 5 -7 show the results of the multivariate analysis. Age and 3-5 CDC were independently associated with a longer LOS, while male gender, ERAS protocol and laparoscopic surgery were independently associated with decreased LOS. 3-5 CDC increased 30 days readmission rate (OR = 3.5, 95% CI 1.2 to −10.2) while laparoscopic surgery decreased 30 days readmission rate (OR = 0.2, 95% CI 0.1 to 0.8) but could increase severe CDC.
The ERAS program improved compliance with the following secondary variables in a statistically significant way: more laparoscopic surgery, more regional analgesia in the intraoperative period, earlier adherence to ambulation, faster onset of oral liquid diet and analgesia by mouth and lower requirements of opioids (Table 3 ).
Discussion
Our development of a multidisciplinary, evidence-based, ERAS program at a major tertiary medical center performing elective colorectal surgery was associated with shortened LOS without increasing 30 days readmission rate or the number of postoperative complications. The results are consistent with findings from other medical centers. 1, 6, 12, [15] [16] [17] LOS and readmissions have often been used as a benchmark of the success of a surgical protocol. A shorter LOS is related to a reduction in hospital costs and greater patient and family satisfaction, because the patient avoids unnecessary stress and can return to normal life sooner. It is very important to assess the rate of readmissions to objectify that the decrease in LOS is not done at the expense of a decrease in patient safety. A high rate of readmissions is an indicator of poor quality of care. [15] [16] [17] 6 Some studies suggest that strict adherence to the ERAS protocol was associated with reduced LOS and improved outcome in elective colon surgery for malignancy. The degree of compliance of the ERAS programs influences the outcome of the recovery, which is more beneficial when all the items are met as a whole, which also decreases the LOS and costs. These benefits were lost when protocol adherence was lower. Keeping adherence optimal remains an ongoing challenge that requires repeated training and dedicated personnel. 18, 19 We have obtained a degree of compliance of 74%, with more than 16 variables in which a compliance of more than 70% has been achieved. One of our objectives is to improve the degree of compliance with the ERAS protocol in order to try to improve our results.
There are several articles that have analyzed the impact of ERAS protocol in LOS. Some studies have demonstrated a further decrease in hospital LOS, 6,20-22 but others did not. 23, 24 Laparoscopic surgery has also been shown to reduce LOS and readmissions. The smaller incision associated with laparoscopic surgery may cause less pain and ileus, and may promote earlier return of normal activity. Laparoscopic surgery also helps us to better control pain, thus facilitating rapid mobilization of patients and allowed an earlier onset of oral analgesia in the ERAS group. 25, 26 However, laparoscopy can increase surgical time. In our study however, despite the existence of more laparoscopic surgery in the ERAS group, no differences were found in the surgical time in both groups. Theoretically, the combination of the ERAS program care with laparoscopy might be the most optimal combination. 15, [27] [28] [29] [30] [31] In our multivariate analysis, age and 3-5 CDC were independently associated with longer LOS and male gender, the ERAS protocol and laparoscopic surgery with a decrease in LOS. In other words, the use of the ERAS protocol and laparoscopic surgery were independent predictors of less LOS. In addition, laparoscopy reduced readmission in an independent way. There are few studies that have performed a multivariate analysis to compare these results. Jurt et al. 32 showed that a minimal invasive approach was further associated with reduced hospital stay (OR = 0.5; 95% CI 0.4-0.7) and fewer major complications (OR = 0.58; 95% CI 0.4-0.8). Others articles also confirm the beneficial effect on laparoscopic surgery on hospital stay and complications. 6, 26, 27 Since 2005, studies have shown inconsistent findings on this matter, but no study could convincingly identify any significant differences in clinical outcomes between patients that had open or laparoscopic colorectal surgery within an ERAS program. The Cochrane review of 2011 was not conclusive regarding the role for minimally invasive surgery (i.e. laparoscopy) within a research sample that included ERAS protocols. 33 This suggests that laparoscopy alone might not have the great importance attributed to it, 18 and benefits attributed to this kind of approach could become more clinically relevant in the context of ERAS programs. In our study, laparoscopic approach was independently associated with an increase in severe complications in multivariate analysis. However, univariate analysis could not find differences between open and laparoscopic approach in terms of complications. Surgeons of our hospital have extensive experience in the use of laparoscopic surgery, and the study was not designed to analyze the outcomes of laparoscopic approach, but a continuous analysis or our results is necessary and it will help to continue improving. Postoperative 3-5 CDC were the variable that clearly explains the longer LOS and readmissions. This may be because serious complications that require surgical reinterventions or ICU admission are treated in a more conventional way, thus eliminating the effect of the ERAS program on the patient.
Many studies have excluded elderly patients from ERAS pathways. The reason for such exclusion was that adherence to protocols in elderly patients was assumed to be unfeasible due to physical impairments or associated comorbidities. However, currently more than 70% of colorectal cancers are primarily diagnosed among patients >65 years, and it seems reasonable that ERAS should be targeting elderly patients with associated comorbidities, rather than young, healthy patients. [15] [16] [17] 6 One of the most important items included into ERAS protocols is the improvement in the oral and written information given to patients by health care personnel prior to surgery. Preoperative counseling may decrease fear and anxiety of patients before surgery. 15, 16 Optimizing perioperative pain management while reducing opioids use was one of the major goals of the ERAS program. We decreased opioids consumption in the postoperative period in favor of an increase in regional analgesia. [34] [35] [36] [37] [38] [39] Opioid side effects reduction (drowsiness, nausea, ileo, etc.) could allow earlier mobilization and oral intake, contributing to a better recovery and earlier hospital discharge. Early mobilization and diet advancement have become a foundation of any recovery protocol. 12, 40 We also achieved the implementation of these variables in a significant way in the ERAS group.
Many of the recommendations in the ERAS protocols are a radical change from the usual practice. In fact, despite strenuous efforts of the study coordinators, there have been some measures that almost could not be implemented. For example: the restrictive use of abdominal drains and nasogastric tubes; an increased use of epidural catheters; and the withdrawal of the urinary catheterization with a Foley Catheter in POD 0. Arguably, a much longer training period is necessary to break with the longstanding practices in traditional care. 12
Limitations
Our sample size is small and consists of the first 121 patients to whom we apply the protocol. We would need to increase the patient's compliance with our protocol in order to improve our results. High or full implementation of the ERAS protocol could significantly improve short-term outcomes and we have to work very hard to achieve this goal and then analyze it.
For future studies, we should analyze the effect of individual ERAS components on outcomes, in order to identify the most efficient strategies and focus our efforts on them.
In conclusion, ERAS program was associated with shortened LOS without increasing 30 days readmission rate. ERAS protocol and laparoscopic surgery decreased LOS in an independent way and age and severe CDC increased LOS. Of all these variables, only laparoscopic surgery decreased readmissions while severe complications increased them.
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